###### Strengths and limitations of this study

-   This register-based study covered the complete Norwegian population.

-   All children under the age of 5 years with a diagnosis code of rickets were identified.

-   The diagnosis was confirmed by medical record review at the treating hospital.

-   We were not able to review the medical records for 15% of the patients.

-   The study was limited to patients treated in the period 2008--2012.

Introduction {#s1}
============

The classical consequence of vitamin D deficiency is nutritional rickets in children. Nutritional rickets is caused primarily by severe vitamin D deficiency and/or a low intake of calcium.[@R1] Poor vitamin D status has been reported in many non-western immigrant groups living in western countries.[@R2] In the Oslo Health Study, 43% of the non-western immigrant women and 31% of the men had vitamin D deficiency with circulating 25-hydroxyvitamin D (25(OH)D)\<25 nmol/L,[@R3] and 21% of women born in Pakistan had severe vitamin D deficiency (25(OH)D\<12.5 nmol/L).[@R4] The poor vitamin D status among women of childbearing age was confirmed in a study among immigrant mothers (6 weeks after giving birth) with a background from Pakistan, Turkey and Somalia living in Oslo.[@R5] Fifty-six per cent had vitamin D deficiency, and 15% had severe vitamin D deficiency. Based on the poor vitamin D status of the adults, it has been a concern that rickets could emerge as a large problem among infants with an immigrant background. In addition, the immigrant part of the population has increased and currently nearly 10% of all Norwegian children under the age of 5 years have a non-western immigrant background.[@R6] Data about rickets in Norway and other European countries are scarce. An enquiry sent to all hospitals with paediatric wards in 2000 reported 65 children with nutritional rickets in Norway during the 2 years period of 1998--1999, of which 83% had an immigrant background.[@R7] Eighty per cent were younger than 3 years. In a study covering southern Denmark from 1985 to 2005, only 112 patients with nutritional rickets were identified during a 20-year period, of which 75% had an immigrant background.[@R8] In a population-based study from Olmsted County, Minnesota, 76% of the cases with nutritional rickets had a non-white ethnic background. Although the incidence was low, it increased in the period 1970--2009.[@R9] A study reporting hospital admissions for rickets in England across five decades also suggests that the incidence of rickets has increased during recent years.[@R10] In that study, the diagnoses were not confirmed by a medical record review, but hospital-based studies from the UK indicate that rickets might be an increasing problem among immigrant children.[@R11]

Prior to this study, no updated information on the occurrence of rickets in Norway was available. However, several efforts to secure a good vitamin D status among children have been introduced in recent years, including free vitamin D drops for infants with a non-western immigrant background and infant food fortified with vitamin D. The aim of the study was to identify new cases of nutritional rickets in children under the age of 5 years in the Norwegian population in the period 2008--2012.

Materials and methods {#s2}
=====================

The national specialist healthcare register (Norwegian Patient Registry (NPR)) contains information on all hospital admissions and outpatient contacts in the specialised health services. The register also includes the unique 11-digit personal identification number provided to all Norwegian residents. We used data from the NPR in the period 2008--2012 and identified all admissions/contacts with the diagnosis E55.0 (active rickets), which is a subcode of E55, vitamin D deficiency. In addition, we identified admissions/contacts with the diagnosis E55.9 (unspecified vitamin D deficiency), E64.3 (sequelae of rickets) and E83.3 (disorders of phosphorus metabolism and phosphatases) to identify patients with rickets who had been given other diagnoses. Data extraction was performed by the NPR, and we did not have access to the background data.

To verify the diagnosis, all hospitals treating the children were contacted. At each responding hospital, doctors in the paediatric department completed a questionnaire for medical record review. We requested information about X-ray findings, biochemical tests, symptoms, the clinical examination and the child's ethnic background. In addition, the type and effect of treatment was requested. Finally they were asked if the diagnosis was rickets, and if so, if it was nutritional rickets.

To reconfirm the conclusions, two doctors (KS and IAB) working at the paediatric department at Oslo University Hospital reviewed all the questionnaires (half each). The diagnosis of nutritional rickets was based on biochemical markers and clinical symptoms/signs and/or radiological findings. In addition, it was taken into account if it was reported that the patient responded favourably to treatment with vitamin D. The following biochemical criteria were used: 25(OH)D\<12.5 nmol/L or 25(OH)D 12.5--25 nmol/L in the presence of elevated plasma alkaline phosphatase or elevated serum parathyroid hormone or low serum calcium. As there was a possibility that some infants had already started to receive vitamin D supplements before the diagnosis was given, we also included 11 patients with 25(OH)D 25--37 nmol/L of which all had X-ray findings consistent with rickets.

In cases of doubt, each case was discussed with a paediatric endocrinologist (HJB) before the conclusion was made.

All 23 hospitals treating the identified patients were contacted. The unique personal identification number made it possible to link the information in NPR to the medical records at the hospitals.

To test gender differences and differences in number of cases per year, we used the χ^2^ test. As a denominator in the calculation of the incidence of rickets, we used the number of children aged 0--4 years in the Norwegian population.

Results {#s3}
=======

The flow of patient inclusion is displayed in [figure 1](#F1){ref-type="fig"}. We identified 110 children under the age of 5 years in the NPR who had been diagnosed with active rickets (E55.0). We were able to review medical records from 18 of 23 hospitals, which constituted 85% of the identified patients. Of 94 reviewed medical records in patients with E55.0, the diagnosis of active rickets was confirmed in 54% (n=51). Of these patients, nine were excluded as they were first diagnosed before 2008, leaving 42 patients with E55.0.

![Flow of patient inclusion, nutritional rickets, Norway 2008--2012.](bmjopen-2016-015289f01){#F1}

Of these, 39 patients were classified as having nutritional rickets, whereas rickets was linked to prematurity in three patients. In addition, three patients with the diagnosis of unspecified vitamin D deficiency (E55.9) were classified as having nutritional rickets, giving the final number of 42 patients. Four of the 42 patients were admitted due to seizure. They were between 1 and 3 months old and had very low 25(OH)D concentrations (11--15 nmol/L).

We did not include seven patients with an uncertain diagnosis of (nutritional) rickets.

As shown in [table 1](#T1){ref-type="table"}, mean age at the diagnosis of nutritional rickets was 1.40 years (range 0.1--3.5 years), and 74% of the children were 1--2 years at the time of diagnosis.

###### 

Characteristics of 42 patients under the age of 5 years with nutritional rickets in Norway during 2008--2012

  ------------------------------------- --------------
  Age at diagnosis (years, mean (SD))   1.40 (±0.73)
   \<1 year, n (%)                      10 (24)
   1 year, n (%)                        21 (50)
   2 years, n (%)                       10 (24)
   3 to \<4 years, n (%)                1 (2)
  Gender, n (%)                         
   Boys                                 24 (57.1)
   Girls                                18 (42.9)
  Country background, n (%)             
   Norway                               3 (7.1)
   Asia                                 25 (59.5)
   Africa                               12 (28.6)
   Other/unknown                        2 (4.8)
  Year of diagnosis, n (%)              
   2008                                 6 (14.3)
   2009                                 10 (23.8)
   2010                                 12 (28.6)
   2011                                 7 (16.7)
   2012                                 7 (16.7)
  ------------------------------------- --------------

Fifty-seven per cent of the patients were boys (not statistically significantly different from girls, p=0.35), and 48% were diagnosed during winter/early spring (November--April) and 52% during the rest of the year. Nearly all patients (93%) had a non-western immigrant background and around 60% had a background from Asia. With regards to individual countries, 24% had a Pakistani background, 21% had an Iraqi background, whereas only 7% had an ethnic Norwegian background.

Apparently, there were variations in the number of patients with rickets from year to year. However, the numbers of cases were small and there was no overall statistically significant difference between the years of diagnosis (p=0.56).

Around one-third of all children aged 0--4 years with an immigrant background from Asia and Africa are found in the Norwegian capital of Oslo. Although there were three to four cases each year in the period 2008--2010, there were no cases with nutritional rickets reported from Oslo in the period 2011--2012.

For 37 of the 42 children with nutritional rickets, information about 25(OH)D was available. Mean concentration was 17.9 nmol/L, and 86.5% had concentrations \<30 nmol/L.

Estimated incidence rate of rickets: According to Statistics Norway, the yearly average of children aged 0--4 years in Norway in the period 2008--2012 was 3 03 157 children. Of these, around 24 000 children (8%) had an Asian or African background.

Based on this, the incidence rate of rickets was estimated to be 3.1 (95% CI 2.2 to 4.4) per 10 000 person-years in children under the age of 5 years with an Asian or African background and 0.3 (95% CI 0.2 to 0.4) per 10 000 person-years in the total Norwegian population under the age of 5 years. This is a slight underestimate as we were not able to review 15% of the medical records. If each of the 16 children who were treated at hospitals without feedback had nutritional rickets, the incidence rate in the Norwegian population under the age of 5 years would be 0.4 per 10 000 person-years.

Discussion {#s4}
==========

The number of children with nutritional rickets in the Norwegian population during 2008--2012 was low and 93% occurred in children with a non-western immigrant background.

On average, eight cases of nutritional rickets were reported annually. This is considerably lower than the yearly average of 32 reported in the hospital enquiry for the 2-year period of 1998--1999.[@R7] In addition, the number of children aged 0--4 years with an Asian or African background increased by around 75% from 2000 to 2012. Although these two studies are not directly comparable, the risk of rickets seems to have declined substantially among immigrant children during recent years.

In the same period, several measures were introduced to prevent vitamin D deficiency and rickets. Based on the results from a cluster randomised trial,[@R13] infants with a non-western immigrant background are offered free vitamin D drops at child health clinics from the age of 4 weeks to 6 months. Since 2002, most infant cereals have been fortified with vitamin D and infant formula has been fortified with vitamin D for many years. In addition, at routine appointments at child health clinics during infancy, the public health nurses fulfil their long-standing commitment to inform mothers of the importance of vitamin D. According to a study among Norwegian-Somali and Norwegian-Iraqi infants, vitamin D supplements and fortified infant formula and cereals are frequently used.[@R14]

Another possible explanation for the low risk of rickets in Norwegian infants is that calcium intake in general is adequate. In the same study noted above, median daily calcium intake was 777 mg in Norwegian-Somali and 633 mg in Norwegian-Iraqi infants.[@R15]

However, nutritional rickets still occurs, even though it can be easily treated. Some groups are more exposed and around 50% of the patients had a background from two countries, Iraq and Pakistan.

Some weaknesses of the study should be mentioned. Although the NPR covers the entire Norwegian population, we were unable to confirm the rickets diagnosis in 15% of the patients as we did not receive feedback from all hospitals. In addition, the medical record reviews made locally at each hospital depended on available information in the medical records and reporting accuracy, and complete information was not always available. We might also have missed individuals who were given alternative diagnoses to E55.0. However, it is hard to see that this could impact our results substantially. Only 3 of 42 patients included were identified via our extended search (E55.9, E64.3 and E83.3) and these patients were diagnosed with unspecified vitamin D deficiency (E55.9) in the NPR. Another restriction is that the study was limited to Norway in the period 2008--2012, but the main finding of a low risk of rickets may apply to a similar population with similar measures to prevent vitamin D deficiency, including vitamin D supplementation and targeted vitamin D fortification for infants. However, awareness is needed as sudden changes, like a high influx of refugees, may alter the situation in segments of the child population.[@R16]

Conclusion {#s5}
==========

The number of children with nutritional rickets in Norway remained low in the period 2008--2012, and 93% of the children had a non-western immigrant background.
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